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Figure 8 Hl9 expression in hepatocellular carcinoma. A and B, bright and dark field
images, respectively. Prominent expression is evident in hepatocellular carcinoma in the
lower haylof the picture and also in a group of tumour cells in the lumen ofa vascular space
(arrow) (original magnification, x125). (In situ hybridisation of `S] labelled antisense of
Hl 9 with haematoxylin and eosin as a counter stain.)

first trimester (eight weeks) and mid-second
trimester (17-22 weeks). Prominent expression
of the gene was, however, noted in the large
airways at week 14, towards the end of the
glandular phase in pulmonary differentiation
(fig 3), and also in the tracheal mucosa in the
second trimester. In immature teratoma, ex-

pression of H19 was seen in epithelium resem-

bling respiratory epithelium (fig 3). Our study
of lung carcinoma included 16 primary lung
tumours. Moderate expression of H19 was evi-
dent in groups ofmalignant cells in one ofthree
SCCs, one of two adenosquamous carcinomas
and one of two adenocarcinomas (fig 3). No
expression was detected in the five bronchi-
oloalveolar carcinomas or in tumours with
neuroendocrine differentiation (three carci-
noid tumours and one small cell carcinoma).

Pancreas
In the fetus, prominent expression ofH 19 was
evident in the acini and islets (not clearly sepa-
rated at this stage of differentiation), but no
expression was seen in the ducts. H19 was not
expressed in the four ductal pancreatic carcino-
mas.

Liver
In the embryo at 35 days post conception,
prominent expression of H 19 was evident in
the liver. The expression was also noted later in
gestation during the second trimester of
pregnancy. 16

Prominent expression of H19 was observed
in eight of 22 hepatocellular carcinomas (fig 8),
moderate expression in four, and weak expres-
sion in two cases. Focal expression of the gene
was also noted in regenerative nodules in liver
cirrhosis and in hepatocytes adjacent to a
metastasis of an adenocarcinoma and peripor-
tal hepatocytes in the same liver.

Discussion
The H 19 gene is one of the few genes

imprinted in humans.28 Since its discovery in
mice in 1984," the biological function of this

abundantly transcribed fetal gene has not been
elucidated. Activity as a tumour suppressor
gene has been suggested on the basis of
reduced tumorigenicity of certain cell lines
derived from embryonal tumours following the
stable induction of a Hi9 construct.29 This
reduced tumorigenicity was linked with mor-
phological changes suggestive of cellular differ-
entiation. Some of these results could not be
repeated by other investigators." The discovery
of another imprinted, maternally expressed
gene at llp15.5-that is, p57kP2, can explain
some of the data with regard to the tumour
suppressor activity of this region.30 31 This sec-
ond imprinted gene produces a cyclin depend-
ent kinase inhibitor which may function as a
tumour suppressor by inhibiting replication
and inducing differentiation.32
The role of Hi9 in neoplasia was studied at

first in tumours which resemble morphologi-
cally the embryonal tissues from which they
arose, primarily Wilms' tumour of the
kidney,6 33 34 and later hepatoblastoma.35 Tro-
phoblastic tumours22 and testicular germ cell
tumours"6 which differentiate along lines of
development of embryonic and extra-
embryonic tissues also belong to this group of
tumours. Later, it became apparent that H 19 is
also expressed in tumours arising in adulthood,
and data regarding carcinoma of the
bladder, 197 38 lung,39 4" oesophagus," uterine
cervix,2 and breast3943 have accumulated
rapidly in the past three years.
The expression of imprinted genes in cancer

involves parameters such as allelic status and
methylation pattern, on the one hand, and level
of gene expression, on the other. It should be
emphasised here that biallelic expression of an
imprinted gene is not necessarily accompanied
by overexpression, and the two phenomena
probably represent two different and inde-
pendent events in the abnormal expression of
imprinted genes in neoplasia." 44 45 It has been
shown that at the very beginning of embryo-
genesis, H 19 is expressed from both alleles, and
silencing of the paternal allele occurs at a later
step.46 We propose that biallelic expression of
an imprinted gene is an oncofetal feature which
is not always linked to reversal to the high
embryonic level of gene expression. It is our
impression that whereas H19 expression may
occur in cancer and sometimes in regenerative
and hyperplastic states, the reversal to biallelic
expression is probably resticted to neoplasia
alone, and may be linked to tumour
progression.4l"3

This study concentrated solely on the
comparison of H19 expression in fetal tissues
and in tumours arising from these tissues, using
ISH. Although the allelic status cannot be
studied using ISH, the advantage of using this
method is that gene expression can be
correlated with the type of cell expressing it.
The necessity to support data regarding gene

expression in tumours by ISH is clearly
demonstrated in breast cancer. Although H19
expression has been documented in breast car-
cinoma using northern blotting and PCR,39 45
we found in a small number of cases that
expression was limited to the mesenchymal
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stromal cells of the tumour and to the fibrous
stroma in fibrocystic disease of the breast.
Similar findings were recently documented by
Dugimont et ar' who observed H 19 expression
in the stroma of fibroadenoma and carcinoma
of the breast in most of their cases, and only
rarely in the neoplastic cells.
H 19 was first described as a gene transcribed

in endodermal and mesodermal tissues.47 For
convenience, we have classified the tissues and
organs according to the original embryonic
germ layers. One should remember, however,
that tissues originating in different germ layers
may mature along the same line of differentia-
tion. We conclude that with regard to Hi9
expression the dominant factor is probably dif-
ferentiation. For example, the transitional
epithelium of the urinary tract is derived from
the endoderm (the hindgut) in the bladder and
from the mesoderm (mesonephric duct) in the
ureters and pelvicalyceal system. We have
shown that Hi9 is abundantly transcribed in
the transitional epithelium of all parts of the
urinary tract in fetal life and in transitional cell
carcinomas arising from it.

Tissues of different embryological origin
which undergo squamous differentiation,
whether benign or malignant, have the poten-
tial to express H19. The gene is expressed in
the epidermis (ectoderm) from the early stages
of embryogenesis in the first trimester of preg-
nancy, and in the squamous epithelial mucosa
of the oesophagus (endoderm) in the second
trimester of pregnancy. H19 is also expressed
in benign squamous metaplasia of the urinary
bladder mucosa (endoderm), in morphologi-
cally mature squamous epithelium in testicular
and sacrococcygeal teratomas, and in SCCs
arising in the lung (endoderm) (fig 3), urinary
bladder (endoderm) (fig 2) and uterine cervix
(mesoderm) (fig 2).
Embryonal and neoplastic tissues share

many characteristics-for example, rapid pro-
liferation rate and the ability of cells to migrate.
These processes are strictly controlled and
intricately coordinated during fetal life, wheras
neoplastic tissue is characterised by the loss of
equilibrium between determinants of cell
proliferation and tissue organisation. The
resemblance between embryonal and neoplas-
tic tissue also includes expression of embryonal
genes in cancer. The oncofetal genes include
carcinoembryonic antigen (CEA), AFP and
the beta subunit of choriogonadotropin
(fCG). It is of note that H19 was first discov-
ered as a gene which shares trans-regulatory
factors with AFP in the liver."

Expression of oncofetal genes is tightly
linked to stage of differentiation, both during
the fetal period and in neoplasia. We have
shown that the expression ofHi 9 is also linked
to differentiation which may differ in various
tissues. There are fetal tissues-for example,
liver, which express H91 from early stages of
embryogenesis through at least most of the
second trimester of pregnancy. In other tissues,
HI 9 is expressed in a very narrow window of
differentiation-for example, in the fetal lung,
where Hi 9 is expressed neither in the eighth
week nor during 17-22 weeks' gestation but in

the large airways during the 14th week, towards
the end of the glandular phase of pulmonary
development.
One of the most intriguing findings in our

study is the expression of H 19 in tumours aris-
ing from tissues of the central and peripheral
nervous system-that is, astrocytoma and gan-
glioneuroblastoma. The lack of expression of
Hi 9 in neural tissue is one of the established
characteristics of this gene."15 47 We have
examined H19 expression in the nervous
system from the embryo at 35 days post
conception" at two to three week intervals to
the 22nd week of gestation and have never
detected labelled H19 mRNA using ISH.
Moreover, no expression was detected in
neural tissue in gonadal and sacrococcygeal
immature teratomas. It is possible that Hi9 is
expressed during a very narrow window of dif-
ferentiation at an earlier stage of embryonal
differentiation. Another possibility is ectopic
RNA transcription by tumour cells, as occurs
in certain types of human cancer and is best
demonstrated by ectopic hormone production
by tumours.
Hi 9 is expressed during tumorigenesis in an

array of human tissues, suggesting that it is
probably not a candidate tumour suppressor
gene.38 43 A possible role as an oncogene has
been ruled out by diverse approaches of
investigation.' 3 It seems from this study that
H 19 RNA is re-expressed in tumours arising in
tissues which express it in fetal life. This
expression is linked to the stage of differentia-
tion. The Hi9 product is, therefore, neither a
tumour suppressor gene nor an oncogene, but
an oncofetal RNA. We propose to investigate
further its potential for use as a tumour marker
in certain types of human neoplasia.
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